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ABSTRACT 


An  experimental  study  has  beer  made  of  photoemission  from  several 
polymers,  including  polyethylene,  kapton,  teflon,  and  polyvinyl  chloride, 
under  irradiation  by  15  to  25  keV  photons.  The  emission  intensities  from 
these  plastics  were  compared  to  those  from  several  conductors,  ranging 
from  carbon  to  tantalum,  and  from  other  insulators  such  as  glass  and  mica. 
For  all  these  materials,  the  relative  magnitude  of  photoesission  was  found 
to  be  mainly  proportional  to  the  photoelectric  absorption  coefficient. 
Under  this  pulsed  irradiation,  the  insulators  emitted  as  conductors  when 
backed  by  conducting  sheets  but  exhibited  reduced  emission  associated 
with  trapped  charges  when  isolated. 
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I.  INTRODUCTION 


Radiation- induced  electron  emission  from  solids  is  of  direct  interest 
in  such  problems  as  generation  of  replacement  currents,  production  of  tran¬ 
sient  electromagnetic  fields,  and  charging  of  dielectric  materials.  This 
photoemission  from  metals  has  been  experimentally  examined  (Ref.  l),  and 
correlation  with  theory  has  been  observed  (Ref.  2).  The  objectives  of  the 
present  investigation  are  to  measure  the  emission  from  several  polymers  and 
to  determine  whether  the  theory  that  describes  emission  from  metals  also 
describes  that  from  polymers. 

The  intense  pulsed  radiation  source  used  in  this  investigation  was 
a  plasma  focus  discharge  (Ref.  3).  Ross  filter  measurements  of  the  emitted 
radiation,  shown  in  Fig.  1,  indicate  that  the  photon  energies  were  mostly 
in  the  range  from  approximately  15  to  25  keV.  Absorption  measurements  show 
exponential  attenuation  characteristic  of  22  keV  photons  This  spectrum 
results  mainly  from  K  line  radiation  produced  by  the  silver  anode  tip  used 
in  this  device. 
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TOTAL  ENERGY  FLUX ,  ergs/cm2  -  keV 


PHOTON  ENERGY,  keV 


Figure  1.  Total  Energy  Flux  Spectrum  Hicident  on  Diodes  as 
DeteraLned  by  Ross  Filter  Measurements 

Flux  above  30  keV  was  less  than  20  ergs/cm2-keV. 
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II.  EXPERIMENT 


The  experimental  arrangement  used  in  the  measurement  of  photoemission 
is  shown  in  Fig.  2.  Photons  from  the  plasma  focus  discharge  impinged  on 
two  parallel  diode  structures.  One  diode  with  an  aluminum  emitter  served 
as  reference,  and  its  emission  signal  was  used  for  normalization  because 
tlie  fluence  level  varied  from  discharge  to  discharge.  The  other  diode  was 
used  to  measure  the  emissions  from  the  various  materials  listed  in  Table  1. 

Only  commercially  available  samples  were  examined;  these  varied  widely  with 
respect  to  sheet  thickness.  The  same  fluence  and  spectrum  were  obtained  at 
the  emitting  surfaces  of  both  the  test  and  reference  diodes  by  placing  Identi¬ 
cal  hut  reordered  samples  in  each  of  the  diodes,  as  indicated  in  Pig.  2.  Also, 
the  same  fluence  and  spectrum  vere  obtained  for  a.M  the  samples  by  adding 
sheets  of  aluminum  to  the  thin  samples  such  that  the  total  exponential  photon 
attenuation  was  about  the  same  as  that  for  the  thick  samples. 

In  the  quantitative  measurements  of  the  relative  emissions,  the  poly¬ 
mers  and  the  other  insulators  were  backed  by  grounded  aluminum  sheets;  the 
reference  aluminum  emitter  was  also  directly  grounded.  The  emission  areas 
in  the  two  diodes  were  defined  by  two  2.86  cm  diair  holes  cut  in  a  lead 
collimater  1  cm  in  thickness.  The  collector  in  each  diode  was  a  0.075  0,1 
sheet  of  graphite  backed  by  lead,  1  cm  in  thickness,  and  all  extraneous 
surfaces  were  coated  with  carbon  (Aquadag)  to  minimize  electron  emission. 

A  sheet  of  mylar  directly  separated  the  two  emission  regions.  The  time- 
varying  emission  current  in  each  diode  was  determined  by  the  voltage  drop 
across  a  50-ohm  resistor  terminating  the  collector  lead  to  ground;  this 
signal  was  recorded  on  a  Tektronix  555  oscilloscope.  In  addition,  the 
radiation  pulse  wa3  monitored  simultaneously  by  a  PIN  silicon  x-ray  detector. 
Aluminum  emitters  were  placed  in  the  two  diodes  in  order  to  check  the  equival¬ 
ence  of  emission  from  both.  The  observed  signals  showed  that  the  pulse  shapes 
of  the  two  emissions  were  identical,  and  the  amplitudes  of  the  signal  peaks 
agreed  to  within  5$.  The  pulse  shape  of  the  emission  signal  also  corre¬ 
sponded  to  that  of  the  radiation  pulse. 
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Tefole  1.  Parameters  in  Photoemission  frcm  Polymers  and  Other  Materials 
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The  effect  of  low  energy  secondary  electron  emission  was  determined 
by  biasing  one  diode  at  a  potential  that  was  varied  from  +280  V  to  -280  V 
while  the  ot’  diode  remained  unbiased.  Electrostatic  shielding  prevented 
the  applied  bias  field  from  penetrating  the  unbiased  unit.  The  normalized 
results  are  given  in  Fig.  3  for  emitters  of  FVC  and  of  aluminum.  The  ratio 
of  the  biased  to  unbiased  emission  signals  is  denoted  by  S/Sq,  where  k+  and 
k_  are  the  values  of  this  ratio  at  large  positive  and  negative  biases, 
respectively.  It  is  shown  in  the  analysis  that  the  contribution  of  secondary 
electrons  to  the  observed  signal  in  the  unbiased  diode  can  be  estimated  from 
these  data. 

With  both  diodes  unbiased,  the  relative  emission  was  determined  for 
the  various  materials,  as  shown  in  Fig.  4.  The  data  have  been  normalized 
to  emission  from  aluminum  and  plotted  as  a  function  of  the  photoelectric 
absorption  coefficient  p  of  the  material  (Ref.  4).  Each  data  point  repre¬ 
sents  the  average  of  at  least  three  normalized  signals,  and  the  data  bar 
indicates  the  full  spread  in  the  values  of  these  signals.  These  results 
show  that  the  observed  emission  is  proportional  to  p  to  a  high  approximation, 
for  the  polymers  as  well  as  for  the  other  materials.  But  the  data  for  copper 
and  tantalum  show  substantial  deviations  from  emission  proportional  to  p, 
a  result  attributed  to  the  relatively  large  K  and  L  shell  binding  energies 
of  these  metals,  as  explained  in  the  analysis. 

An  estimate  of  the  absolute  magnitude  of  photoemission  from  the 
various  materials  is  obtained  from  Fig.  4  by  specifying  the  measured  photo¬ 
current  density  from  aluminum.  On  a  typical  discharge,  the  peak  curre-'  • 

2 

density  was  0.37  mA/cin  and  the  corresponding  radiation  intensity  at  the 
aluminum  emitting  surface  was  9*7  X  10°  cal/sec-cm  .  This  latter  intensity 
was  obtained  from  the  PIN  silicon  detector  signal,  taking  into  account  the 
spectral  distribution  shown  in  Fig.  1.  For  comparison  with  published  values 
of  quantum  yield,  a  mean  photon  energy  of  22  keV  is  assumed  for  the  incident 
radiation,  giving  a  peak  photon  flux  of  1.1  X  10^  photons/sec-cn/  .  These 
values  give  a  quantum  yield  of  2.1  X  10  ^  electron/photon,  which  is  consistent 
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Figure  3.  Ratio  of  Biased  Diode  Signal  to  Unbiased  Diode 
Signal  as  a  Function  of  Bias  Voltage  for  FVC 
and  Aluminum 
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normalized  photoemission 


Flgu  2  b.  Variation  of  Normalized  Photoemission  with  the  Mass 

Absorption  Coefficient  at  22  keV  for  Various  Materials 
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with  the  value  1.5  X  10*"“  corrected  for  non-normal  incident  photon  flux  and 
obtained  with  lower-energy  8  keV  photons  as  given  in  Ref.  1. 

In  the  measurements  described  above,  insulators  backed  by  a  grounded 
conducting  sheet  gave  emission  signals  that  were  identical  in  shape  to  those 
from  the  reference  .'aluminum  conductor.  But  insulators  without  this  con¬ 
ductive  backing  were  observed  to  give  nonidentical  signals.  This  important 
variation  was  examined  with  the  aid  of  the  dual  diodes,  each  with  a  PVC 
emitter,  one  backed  by  a  sheet  of  aluminum  as  before  and  the  other  isolated. 
Several  discharges  were  fired  with  both  diode  collectors  unbiased.  The 
pulse  shape  of  the  signal  from  the  isolated  PVC  was  somewhat,  erratic  when 
compared  to  that  from  the  grounded  PVC,  particularly  on  the  first  few  dis¬ 
charges,  one  of  which  is  shown  in  Fig.  5a.  (Both  PVC  emitters  had  been 
irradiated  a  few  days  before.)  After  several  discharges,  however,  the  pulse 
shapes  were  generally  similar,  but  the  amplitude  of  the  signal  from  the 
isolated  sheet  was  only  30  to  6o/e  of  that  from  the  grounded  sheet  of  FVC. 

Even  with  both  diodes  biased  at  +280  V,  the,  amplitude  of  the  emission  signal 
from  the  isolated  sheet  was  significantly  smaller  than  that  from  the  grounded 
sheet,  as  shown  in  Fig.  5b.  However,  when  the.  bias  was  removed  from  both 
diodes,  the  signal  from  the  isolated  sheet  again  exhibited  an  anomalous  pulse 
shape  similar  to  that  observed  when  the  sheet  was  first  irradiated,  as  shown 
in  Fig.  5c.  After  several  more  discharges,  the  signal  pulse  reverted  to 
its  usual  character,  i.e.,  lower  pulse  height  and  similar  pulse  shape,  as 
shown  in  Fig.  5d.  These  variations  can  be  explained  on  the  basis  of  induced 
charges  in  the  conductor  backing  the  PVC  and  of  volume  and  surface  trapped 
charges  in  the  isolated  PVC,  as  discussed  below. 
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Emission  Signals  from  P¥C  Observed  on  the  Diode 
Collectors 

Upper  trace  -  grounded  PVC  emitter;  lower  trace  - 
floating  PVC  emitter,  a.  Initial  signals  at  0  bias. 

b.  Signals  with  +280  V  bias  on  both  collectors. 

c.  Signals  at  0  bias  immediately  after  several 
irradiations  at  positive  bias.  d.  Signals  at  0  bias 
after  many  irradiations. 


III.  ANALYSIS 


Various  theories  requiring  computer  solutions  have  be^  generated 
to  describe  photoemission  from  solids.  These  analyses  take  into  considera¬ 
tion  such  pn)cesses  as  photoelectric,  Compton,  Auger,  fluorescent,  and 
secondary  electron  emissions.  Because  the  emitters  of  primary  interest  are 
of  rather  low  atomic  number  Z  and  the  photons  are  sufficiently  low  in  energy, 
the  only  processes  considered  in  this  report  will  be  photoelectric  and 
secondary  electron  emissions.  Furthermore,  because  the  measured  relative 
emission  is  observed  to  closely  follow  the  photoelectric  absorption  coeffi¬ 
cient,  a  simple  analysis  of  photoelectric  emission  is  first  described  and 
correlated  with  the  experimental  measurements  given  in  Fig.  b. 

In  this  analysis,  photoelectric  emission  ep  from  the  rear  surface  of 
an  irradiated  sheet  is  given  by 

ep  =  Nq  (eppR-l)  -  N0puE  (l) 

where  NQ  is  the  photon  fluence  at  the  emitting  surface,  p  is  the  density  of 
the  material,  pi  is  the  photoelectric  absorption  coefficient,  and  R  is  the 
range  of  the  emitted  electrons  in  the  material.  Kusnezov  has  shown  for 
several  metals  that  forward  photoelectric  emission  exceeds  backward  emission 
(Ref.  5).  Therefore,  the  backward  photoelectric  emission  from  the  low  Z 
carbon  is  assumed  to  be  negligible  when  compared  to  forward  emission  from 
the  high  Z  materials.  However,  this  backward  emission  should  be  considered 
when  examining  emission  from  the  low  Z  materials. 

The  range  R  in  Eq.  (l)  is  dependent  on  the  electron  energy  E,  which  is 

equal  to  the  incident  photon  energy  E  ,  minus  the  K  shell  binding  energy  E„. 

pn  k 

(L  and  M  shell  binding  energies  are  considered  when  necessary. )  The  rp'.'.D>_  R 
of  kilovolt  electrons  if  approximately  described  by 

R  =  (k/p)  En  (2) 
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where  k  and  n  are  constants,  usually  determined  empirically  for  a  specific 
material  and  in  a  particular  electron  energy  interval.  Several  theoretical 
and  experimental  efforts  to  relate  k  and  n  to  constants  of  the  material 
have  been  reported  (Refs.  6  and  7)*  However,  these  have  been  limited  to 
metals  and  metallic  compounds  and  have  given  results  that  were  not  always 
in  agreement  with  one  another.  Berger  and  Seltzer  have  computed  electron 
ranges  for  various  materials,  including  those  for  several  polymers  (Ref.  8). 
Some  of  their  results  for  the  10  to  40  keV  range,  extrapolated  to  1  keV 
for  convenience  in  obtaining  k,  are  shown  in  Fig.  6.  Values  of  both  k 
and  n  are  easily  obtained  from  this  graph,  where  R*  =  pR  has  been  plotted 
as  a  function  of  electron  energy.  Equations  (l)  twd  (2)  show  that  tp  is 
independent  of  density  and  depends  only  on  p  and  R*. 

Absolute  values  of  photoemission  eompv  isd  from  Eq.  (l)  with  electron 
ranges  obtained  from  Pig.  6  are  only  order  of  magnitude  approximations, 
because  this  simple  analysis  has  neglected  angular  emission  and  multiple 
scattering.  Photoelectrons  are  generated  in  the  material  with  an  angular 
distribution  dependent  primarily  on  incident  photon  energy.  These  electrons 
then  undergo  multiple  scattering,  which  results  in  nonlinear  trajectories. 

The  data  given  in  Fig.  6  describe  the  mean  lengths  of  these  nonlinear 
trajectories.  Therefore,  direct  application  of  Eq.  (l)  requires  correction 
of  the  electron  range  data  in  Fig.  6  by  taking  into  account  these  factors. 
These  corrections,  in  general,  do  not  heavixy  depend  on  the  emission  material, 
e.g.,  the  result  of  multiple  scattering  is  a  reduction  in  the  mean  trajectory 
length  based  on  statistical  variations.  Thus,  these  factors  tend  to  cancel 
in  ratios  of  emissivities,  and  relative  emission  is  fairly  well  described 
by  taking  the  ratios  of  Eq.  (l). 

The  quantity  that  has  teen  directly  observed  is  relative  emission. 

From  Eqs.  (l)  and  (2),  the  relative  photoemission  is  given  by 

S0(mat)/S0(A1)  =  [p(mat)/p(Ai)]  X  [k(mat)/k(Al)]  [En(mat)/En(Al)]  (3) 
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The  variation  of  each  of  the  bracketed  factors  on  the  right  in  Eq.  (3)  is 
examined  first  for  materials  listed  in  Table  1  in  which  the  average  binding 
energy  is  small,  i.e. ,  all  the  materials  except  for  Cu  and  Ta.  In  this 
group,  E(mat)/E(Al)  =  1  to  within  &f>  and  n  =  1.75  as  suggested  by  Fig.  6. 

Also  from  Fig.  6,  0.7  £  k(mat)/k(Al)  £  1,  except  for  PE.  These  two  terms 
together,  therefore,  produce  a  maximum  variation  of  again  excluding 

PE.  The  term  n(mat)/fi(Al)  varies  from  0.055  to  1.6,  changing  by  more  than 
an  order  of  magnitude.  Thus,  the  relative  photoelectric  emission  for  this 
group  of  materials  is  dependent  primarily  on  the  mass  cbsorption  coefficient 
as  observed  in  the  experimental  data  shown  in  Fig.  4. 

In  Cu  and  Ta,  the  shell  binding  energies  are  no  longer  small,  so 
that  E(mat)/E(Al)  <1.  In  order  to  compare  analysis  with  experiment,  all 
three  terms  in  Eq.  (3)  must  be  evaluated  for  these  two  metals.  For  Cu, 
kEn(Cu)/kEn(Al)  =  O.58,  with  k  and  n  obtained  from  Fig.  6.  Insertion  into 
Eq.  (3)  gives  SQ(Cu)/S0(Al)  =  6.3,  a  result  that  is  in  reasonable  agreement 
with  the  observed  value  of  5*5.  For  Ta,  the  assumed  incident  photon  energy 
is  smaller  than  the  K  shell  energy,  so  that  it  is  necessary  to  consider  the 
L  shell  energy.  Use  of  k  and  n  obtained  from  the  curve  for  W  in  Fig.  6, 
with  E  =  Eph  -  E^,  gives  S0(Ta)/SQ(Al)  =  15. 7>  which  is  just  above  the 
observed  value  of  13.5. 

The  contribution  of  secondary  electrons  to  the  observed  emission  has 
been  assumed  to  be  negligible.  This  assumption  is  examined  in  the  following 
analysis.  In  a  diode  configuration,  passage  of  kilovolt  photoelectric  elec¬ 
trons  through  the  thin  layer  of  thickness  Ax  (Ax  «  R')  at  the  emitter 
surface  generates  low  energy  (£50  eV)  secondary  electrons,  which  can  escape 
from  the  material  along  with  the  high  energy  primary  electrons.  Furthermore, 
impact  of  these  primary  electrons  on  the  collector  surface  also  generates 
secondary  electrons.  The  number  of  escaping  secondaries  per  primary  electron 
is  given  by  the  relation  6  =  (Ax/« )  dE/dx,  where  Ax  is  the  mean  escape  depth, 
e  is  the  average  energy  to  produce  one  secondary,  and  dE/dx  is  the  colli sional 
stopping  power.  This  type  of  secondary  emission  from  metals  has  recently 
been  examined  by  Burke,  Wall,  and  Fredericks  on  (Ref.  9). 
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Consideration  of  only  forward  photoelectric  emission  hut  both  forward 
and  backward  secondary  emissions  yields 

S0  =  €P  (1  +  6E  "  V  (U) 

where  SQ  is  the  signal  observed  on  the  unbiased  collector,  tp  is  the  photo¬ 
electric  contribution,  6-e-  is  the  contribution  of  secondaries  from  the 
emitter,  and  6_tD  is  that  from  the  collector.  An  estimate  of  the  net  second- 
ary  contribution  is  obtained  by  examining  the  emission  signals  at  large 
positive  and  negative  potential  biases,  as  described  in  Section  II.  For  a 
positive  bias,  S+  =  tp  (1  +  &E),  and  for  a  negative  bias,  S_  =  tp  (l  -  6C). 
Die  experimentally  observed  quantities  at  large  positive  and  negative  biases 
are  S_JsQ  =  k+  and  S_/SQ  =  k_.  From  these  equations,  the  contribution  from 
secondaries  with  no  bias  on  the  collector  is  given  by 

AeS  =  €P  ‘  6C^S0  =  2  *  K+  "  K-  (5) 

and  the  ratio  of  secondaries  from  the  emitter  to  those  from  the  carbon 
collector  is  given  by 

rs  =  6e/6 c  =  (1  -  k_)/(k+  -  1)  (6) 

From  Fig.  3  for  PVC,  k ,  =  1.53  and  k  =  0.55,  so  that  At  =  0.08  and 

t  »  b 

r  =  O.85.  For  aluminum,  k  =  l.J,  k  =  0.4,  At  =  -0.10,  and  r  =  0.86. 

O  +  **  b  S 

k+  and  k  have  also  been  measured  for  mylar,  copper,  and  tantalum;  the 
results  for  these  materials  are  given  in  Table  2. 

Table  2.  Biased  Diode  Parameters 


The  shape  of  the  bias  curve  for  mylar  was  similar  to  that  observed 
for  FVC  in  fig.  3,  and  those  for  copper  and  tantalum  were  similar  to  the 
one  for  aluminum.  The  results  in  Table  2  indicate  that  secondary  emission 
from  the  carbon  collector  exceeded  that  from  the  emitter  for  all  the  materials 
except  mylar.  The  net  contribution  of  secondaries  was  relatively  small  for 
FVC  and  aluminum  but  was  larger  for  mylar,  copper,  and  tantalum. 

The  correction  for  secondary  emission  [l  -  Atg(mat)]/[l  -  Atg(Al)], 
giving  relative  photoelectric  emission,  would  change  the  observed  value  in 
fig.  4  for  Cu  to  6.0  (predicted  value  6.3)  and  for  Ta  to  18.4  (predicted 
value  15.7).  Also,  this  correction  would  leave  the  value  for  FVC  almost 
unchanged  but  would  reduce  that  for  mylar  to  O.O96,  a  value  closer  to  that 

s 

given  by  emission  proportional  to  (i,  as  indicated  in  Fig.  4.  Consideration 
of  backward  photoelectric  emission,  in  addition,  would  only  slightly  increase 
this  value. 

The  effect  of  a  positive  charge  layer  produced  by  photoemission  on 
subsequent  emission  from  polymers  and  other  insulators  has  also  been  neglected. 
Observations  described  in  the  preceding  section  have  shown  that  emission 
depended  on  whether  the  emitting  polymer  sheet  was  isolated  or  backed  by  a 
grounded  conducting  sheet.  The  relation  of  a  charge  layer  to  these  observa¬ 
tions  is  examined  by  computing  the  energy  required  for  an  electron  to  cross 
the  emitter-collector  gap  shown  in  Fig.  2,  first  for  a  monopole  layer  emit¬ 
ter  and  then  for  a  dipole  layer  emitter.  The  emitter  configuration  assumed 
is  a  uniformly  charged  disk  of  radius  A  (A  =  1.43  cm),  and  electron  emission 
from  the  center  of  this  disk  is  examined.  The  perturbative  effects  of  the 
dielectric  properties  of  the  emitter  and  of  the  grounded  collector  are 
neglected.  The  xnonopole  layer  emitter  corresponds  to  the  charge  configura¬ 
tion  produced  by  emission  from  an  isolated  sheet  of  polymer.  The  required 
energy  U  in  this  configuration  is  given  by 

U  =  (<r/2€0)  d  (1  -  d/2A)  (7) 
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where  ff  is  the  layer  charge  density,  «0  is  space  permittivity,  and  d  is  the 
gap  separation.  For  PVC,  a  reasonable  charge  density  is  or  =  3.7  x  lO”3-1  c/cm2 
(produced  by  a  100  nsec  pulse  of  magnitude  given  above  for  aluminum),  and 
d  =  3  X  10"1  cm.  Equation  (7)  yields  U  =  57  eV.  Urns,  the  low  energy  second¬ 
ary  electrons  but  not  the  high  energy  photoelectrons  are  easily  prevented 
from  crossing  the  gap.  In  addition,  the  electric  field  of  this  monopole 
layer  increases  secondary  emission  from  the  collector. 

The  dipole  layer  emitter  corresponds  to  the  charge  configuration  pro¬ 
duced  by  photoemission  from  a  sheet  cf  polymer  backed  by  a  grounded  conducting 
sheet,  the  negatively  charged  layer  being  that  induced  on  the  surface  of  the 
grounded  conductor.  *1316  required  energy  In  this  case  is 

U  =  (<r/2e0)  (d  t/A)  (8) 

where  t  is  the  dipole  layer  separation.  For  the  same  charge  density  given 

_p 

above  and  t  =  7-2  X  10  cm,  thickness  of  the  FVC  sheet,  the  required  elec¬ 
tron  energy  is  only  0.31  eV.  Therefore,  use  of  a  conduct Lve  backing  in 
emission  from  sheets  of  polymers  can  greatly  reduce  the  retardation  of  the 
low  energy  seconderies  produced  by  photoemission,  giving  the  results  described 
in  the  preceding  section. 

For  a  low  Z  polymer  and  an  aluminum  backing,  a  net  negative  charge  is 
deposited  in  the  polymer.  This  photoelectric  emission,  in  effect,  reduces 
the  charge  density  of  the  dipole  sheet,  which  further  decreases  the  required 
energy. 


IV.  DISCUSSION  AND  CONCLUSION 


The  two  main  results  derived  from  this  investigation  are:  (l)  the 
relative  magnitudes  of  photoemission  from  many  materials,  both  insulators 
and  conductors,  are  proportional  mainly  to  the  values  of  the  mass  absorption 
coefficients j  and  (2)  the  emission  from  an  isolated  insulator  differs  sub¬ 
stantially  from  emission  from  an  insulator  in  close  contact  with  a  grounded 
conductor.  The  conditions  under  which  these  two  results  are  valid  are 
discussed  below. 

The  observed  dependence  on  p.  requires  the  energy  of  the  emitted  elec¬ 
trons  in  the  material  to  be  approximately  that  of  the  similarly  emitted 
electrons  In  aluminum,  an  energy  that  is  slightly  less  than  the  incident 
photon  energy.  This  condition  is  met  for  most  of  the  materials  listed  in 
Table  1  but  not  for  the  two  high  Z  metals  because  of  large  shell  binding 
energies,  and  here  significant  deviations  from  this  p  dependence  occur.  The 
dependence  also  requires  a  fortuitous  cancellation  of  the  contributions  from 
secondary  electrons  from  the  emitter  and  collector  in  order  that  the  observed 
emission  is  mainly  photoelectric  emission.  Cancellation  of  the  very  low 
energy  but  not  the  high  energy  secondaries  is  produced  by  the  retarding 
potential  of  the  space  charge  in  the  emitter-collector  gap  during  emission. 
But  the  results  of  studies  of  the  variation  of  emission  with  bias  indicate 
that  total  cancellation  does  not  occur  for  many  of  the  materials.  However, 
even  with  correction  for  this  noncancellation  of  secondaries  based  on  the 
bias  measurements,  this  p  dependence  is  still  evident. 

In  the  experimental  determination  of  relative  emission,  the  insulators 
were  always  backed  by  grounded  conducting  sheets.  Use  of  these  sheets  pre¬ 
vented  varying  signals  and  produced  fairly  reproducible  emission  over  several 
discharges.  The  explanation  for  this  observation,  supported  by  the  analysis 
of  the  dipole  layer,  is  that  negative  charges  are  induced  in  the  grounded 
conducting  sheet  and  nullify  the  field  effect  of  trapped  positive  charges 
formed  by  ejection  of  phcLoelectrons  from  the  insulator,  thereby  greatly 
reducing  the  electric  field  between  the  emitter  and  collector. 
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The  second  result  listed  above  Is  based  on  observations  such  as  those 
shown  in  Fig,  5.  The  explanation  proposed  is  that,  whereas  an  insulator 
bached  by  a  grounded  sheet  has  the  aid  of  induced  charges  to  help  stabilize 
its  emission,  the  isolated  sheet  of  insulator  must  rely  on  the  accumulation 
of  negative  surface  charge  to  nullify  the  effect  of  the  trapped  positive 
volume  charge.  When  this  surface  charge  has  been  removed,  either  by  handling 
before  initial  irradiation  or  by  an  applied  field  during  irradiation,  fields 
produced  by  the  trapped  positive  charge  tend  to  reform  a  surface  charge 
through  retardation  of  secondary  emission  from  the  insulator  and  attraction 
of  electrons  emitted  from  other  surfaces.  This  interaction  can  result  in 
signals  such  as  those  shewn  in  Fig.  5a  and  5c.  After  accumulation  of  suffi¬ 
cient  surface  charge,  emission  from  the  isolated  insulator  is  semi-stabilized 
(sig.  5<a). 

In  the  above  discussions,  a  definite  distinction  has  been  made  between 
secondary  and  photoelectric  electrons.  This  separation  of  the  two  species 
may  be  easily  performed  experimentally  for  metals  through  application  of  a 
bias.  This  effect  is  shown  in  the  bias  curve  for  aluminum  in  Fig.  3,  in 
which  the  collector  signal  changed  from  maximum  to  minimum  value  over  a 
very  narrow  range  of  bias  voltage,  from  +30  to  -30  V.  Outside  this  range, 
the  signals  are  relatively  constant,  clearly  establishing  saturation  values 
k  and  k  used  in  the  estimation  of  the  secondary  electron  contribution. 

T  ■ 

Examination  of  the  bias  curve  for  FVC  in  Fig.  3  does  not  show  this  large 
ehange  in  signal  over  a  small  range  of  bias  voltage,  thus  indicating  that 
there  is  no  distinct  division  between  low  energy  secondaries  and  high  energy 
photoelectrons  for  the  polymer.  In  addition,  the  signals  within  the  indicated 
range  of  bias  voltages  do  not  attain  clearly  defined  saturation  values, 
particularly  at  large  positive  biases »  (This  variation  was  also  observed  for 
mylar.)  This  continued  increase  in  signal  with  positive  bias  may  be  partially 
produced  by  tte  bulk  photoconductivity.  Thus,  the  secondary  electron  contri¬ 
butions  for  the  polymers  based  on  the  values  given  for  k+  and  k_  are  only 
rough  estimater.  These  observations  imply  that  the  conventional  method  of 
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examining  high  energy  emission  by  placing  a  small  negative  bias  on  a  grid 
placed  in  front  of  the  collector  may  not  be  applicable  in  the  investigation 
of  photoemission  from  the  polymers. 

The  separation  of  secondaries  from  primaries  for  aluminum  has  been 
performed  (Ref.  10),  and  it  has  shown  that  there  is  a  distinct  secondary 
electron  component  with  energies  below  ~100  eV  and  a  photoelectron  component 
that  increases  monotonically  with  energy  to  a  maximum  at  E  =  E  ^  -  E^  An 
experimental  study,  similar  to  this  one,  examining  the  energy  structure  of 
electron  emission  from  grounded  and  isolated  sheets  of  polymers  would  be 
highly  informative  with  respect  to  many  of  the  phenomena  just  described. 
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